Abstract. Some and α c that affect the PEMFC performance are numerically studied in the present work. To reveal the effects of the above parameters on the cell performance, several parameter groups have been presented. The results show that different parameter values may result in a wholly identical polarization curve when the parameters agree with a given function. The function indicates the effects of several parameters and can be used to direct the optimization of PEMFC performance.
Introduction
The proton exchange membrane fuel cell (PEMFC) is considered to be a promising power source, especially for transportation and stationary cogeneration applications due to its high efficiency, low-temperature operation, high power density, fast startup, and system robustness. Recently, many computational models have been developed and published to reveal the fundamental transport phenomena taking place in the PEMFC and to optimize the PEMFC performance. There are many parameters that affect the PEMFC performance which have been studied by many researchers. Stockie et al. [1] performed a sensitivity study of a PEMFC model. It was found that the PEMFC performance is obviously affected by some parameters. Chan and Tun [2] developed a model of catalyst layer and investigated the effects of the cathode reference exchange current density, reference oxygen concentration, oxygen diffusivity and catalyst layer porosity on PEMFC performance. Lum and McGurik [3] developed a model of the cathode of a PEMFC with an inter-digitated gas distributor with the intention of studying the effects of various parameters such as electrode permeability, thickness and shoulder width. AlBaghdadi and Al-Janabi [4] developed a threedimensional model of a PEMFC to investigate the effects of various parameters such as proton exchange membrane thickness, diffusion layer porosity, diffusion layer thermal conductivity on the fuel cell performance. Chu et al. [5] investigated the porosity of gas diffusion layer (GDL) of a PEMFC. The results showed that a nonuniform porosity of GDL is necessary to improve the performance. Du et al. [6] investigated the effects of the effective proton and electronic conductivity of the catalyst layers on PEMFC performance. Crujicic et al. [7] performed a sensitivity analysis to determine the effect of six parameters on a PEMFC performance. The results showed that, while the predicted average current density at the membrane/cathode interface is affected by uncertainties in a number of model parameters, the optimal designs of the PEM cathode and the interdigitated air distributor are quite robust. Wu et al. [8] also found some operating parameters have strong impacts on the PEMFC performance. Min et al. [9] investigated the influence of some parameters on the performance. They classified the parameters according to their influence on the fuel cell as: insensitive, sensitive, and highly sensitive. Furthermore, they found that different parameter values may result in a nearly identical polarization curve of a PEMFC, and hence they concluded that polarization curve only is insufficient to validate the PEMFC model.
The present work focused on the effects of six parameters on the PEMFC performance. Some functions formed by several parameters were presented to indicate the effects.
Model description
A schematic view of a PEMFC with parallel flow fields and computational domain is shown in Fig. 1 . It is assumed that the PEMFC structure is repeated periodically along the y-direction. To save computational time, a typical unit shown in the figure is taken as the computational domain. Humidified hydrogen is fed into the anode channel, whereas dry is fed into the cathode channel.
The assumptions adopted in the present model are as follows:
(1) The fuel cell operates under steady-state condition;
(2) The gas mixture is an incompressible ideal fluid; (3) The gas flow in the channels is laminar; (4) All the porous zones in the fuel cell domain are assumed to be isotropic and homogeneous, and the membrane is considered impervious to reactant gases; and (5) The gas and liquid phases in the fuel cell exist as continuous phases.
Fig.1. Schematic view of a PEMFC

A. Governing equations
The three-dimensional, two-phase, non-isothermal model consists of non-linear, coupled partial differential equations which represent the conservation of mass, momentum, species, charge and energy. The conservation equations are described in the vector form as follows.
(1) Mass conservation equation:
(3) Energy conservation equation: 
In the above equations, the subscript "l" stands for the liquid phase and "s" for the solid phase. Different species are denoted by the subscript "k", "w" is for water; "h" and "o" are for hydrogen and oxygen respectively. Cathode side and anode side properties are denoted by the subscript "c" and "a" respectively. Boundary conditions have to be applied for all variables of interest in computational domain. In order to reduce computational cost, advantage is taken of the geometric periodicity which is shown in Fig. 1 . At the gas channel entries, such as gas mixture velocities, pressure, temperature and component concentrations, are specified. At the outlets of the gas flow channels, only the pressure is prescribed as the desired electrode pressure; for other variables, the gradient in the flow direction is assumed to be zero. Since the fluid channels are contacted with the collector plates, no boundary conditions have to be prescribed here. Conjugate heat transfer, impermeability and no-slip conditions are applied to solid-fluid interfaces within the domain.
B. Solution algorithm
The commercial computational fluid dynamic software Fluent (version 6.3) is used to solve the PEMFC model. The SIMPLEC algorithm is utilized to deal with the coupling of the velocity and pressure. Figure 4 shows the effect of M 1 on the cell performance. It can be seen that the higher of M 1 is beneficial to improve the cell performance. It should be noted that A 1 and B 1 are assumed constants in the above deduction. In fact, it is very difficult to be satisfied because anode current density is nonlinear to hydrogen concentration and η a is not a constant. However, if only M 1 remains constant, the polarization curves of the PEMFC will be unchangeable even if Figure 6 shows the effect of M 2 on the cell performance. It can be seen that M 2 has a significantly effect on the cell performance and the lower of M 2 is beneficial to improve the cell performance. 
3． ． ． ． Results and discussion
B. Effects of the parameters on the PEMFC performance
3) Effects of
According to Tafel equation, the second expression in the bracket of Eq. (12) is very small and can be neglected. Hence, the following equation can be obtained: Figure 7 shows the effects of i a.ref and α a on the PEMFC performance when A 3 =1.2133×10 9 and B 3 =-0.55. It can be seen that the polarization curves are wholly identical. Figure 8 shows the effects of A 3 and B 3 on the cell performance. It can be seen that A 3 and B 3 strongly affect the cell performance. Furthermore, A 3 and B 3 indicate the effects of i a.ref and α a , respectively, on the cell performance. Hence, Eq. (13) does not simplify the effects of the two parameters on the cell performance. However, it supplies an effective method to analysis the effects. More detailed analyses will be presented in our future work. 
4) Effects of
The above equation means the polarization curves of the PEMFC will be unchangeable if i c.ref and α c agree with Eq. (14) . Figure 9 shows the effects of i c.ref and α c on the PEMFC performance when A 4 =3.4545×10 8 and B 4 =-5.3831. It can be seen that the polarization curves are nearly identical at higher current density. While at lower current density (I av <0.6 A cm −2 ), there is some difference between the curves. It is due to Eq. (14) that is deduced from Tafel equation, which is a simplification of ButlerVolmer euqation. Figure 10 shows the effects of A 4 and B 4 on the cell performance. It can be seen that the effects of A 4 and B 4 on the cell performance are similar to those of A 3 and B 3 . More detailed analysis will not be further presented. 
